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Tibiotalocalcaneal arthrodesis (TTCA) is a salvage procedure. We report a series of 20 patients who underwent TTCA using an intramedullary nail. Of the 20 patients, 7 (35%) had diabetes mellitus. The patient experiences and outcomes were analyzed. Their mean age was 61.1 (range 39 to 78) years. The minimum follow-up period was 13 (mean 28, range 13 to 49) months. Surgical indications included diabetic Charcot arthropathy in 7 (35%), hindfoot osteoarthritis in 10 (50%), and severe equinovarus deformity in 3 (15%). A calcaneal spiral blade was used in 2 patients (10%). Significant improvements (p < .05) were observed in 5 of 8 Short-Form 36-item Health Survey components, the American Orthopaedic Foot and Ankle Society Ankle-Hindfoot scale (p < .001), and visual analog scale for pain (p < .001). The mean length of the hospital stay was 6.7 (range 1 to 27) days. Of the 20 patients, 76.9% had improvement in their activity postoperatively. Also, 81.8% were able to resume their preoperative work after a mean of 7.89 (range 3 to 24) months. Overall, 19 patients (95%) reported favorable outcomes. Superficial wound infection (n ¼ 4; 20%) and deep wound infection (n ¼ 3; 15%) were the most common complications (35%), with 1 case (5%) culminating in a below-the-knee amputation. Radiographic union was achieved in 16 of the tibiotalar joints (80%), 16 subtalar joints (80%), and 4 tibiocalcaneal fusions (20%). In a subgroup analysis of 7 patients with diabetes mellitus (35%), the incidence of wound complications and fusion was comparable to that of the primary cohort. TTCA performed with an intramedullary nail appears to offer a reliable and safe alternative for patients with severe ankle and hindfoot pathologic entities, including those with diabetes mellitus.
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Tibiotalocalcaneal arthrodesis (TTCA) is a valuable surgical salvage procedure for patients with severe ankle and hindfoot pathologic entities. These include, but are not limited to, intractable deformities such as those that occur with Charcot arthropathy, rheumatoid arthritis, or paresis and severe malfunction and arthritis at the ankle and subtalar joints in advanced osteoarthritis and posttraumatic arthrosis (1) (2) (3) (4) . TTCA is often the only alternative to amputation and has been shown to be effective in pain relief and creation of a stable plantigrade foot for ambulation (5, 6) .
TTCA was first introduced in 1907 by Lexer (7) . Since then, many alternative fixation methods, including angled blade plates (8) (9) (10) , crossed cancellous screws (1, 4, 6) , external fixation frames (11) , and retrograde intramedullary (IM) nails combined with bone grafts (2, 5, (12) (13) (14) , have been reported for accomplishing TTCA.
The use of retrograde IM nails has increased in popularity owing to the satisfactory compression and stability that can be achieved with the device, which is thought to improve fusion rates, especially in patients with poor bone quality (2, 14, 15) . Moreover, multiple studies have shown that IM nails have biomechanically superior bending and torsional properties compared with other constructs (16, 17) . Successful limb salvage has also been reported with retrograde IM nails (18, 19) .
When first described by K€ untscher (20) , in 1967, the straight nail construct was associated with many complications, such as lateral plantar neurovascular damage, cortical hypertrophy or stress fracture of the tibia, implant cutout at the plantar aspect due to poor bone anchorage, and poor hindfoot alignment (12, 15, 21, 22) . To circumvent these problems, several curved nail designs have been studied, with some promising results (2, 14, 23, 24) . In curved nail constructs, the entry point is lateralized and along the calcaneal axis to offer more bone anchorage compared with the straight nail designs. This also potentially reduces the risk of damage to the lateral plantar neurovascular bundle (25) . Moreover, the valgus curve of these nails helps maintain physiologic hindfoot valgus alignment (13, 14, 24) .
The aim of the present prospective investigation was to report our experience with a curved nail design and to investigate the outcomes observed in a consecutive series of patients who underwent TTCA with an IM nail.
Patients and Methods

Subjects
With institutional review board approval, a single-center prospective study was conducted of 21 feet in 21 consecutive patients who underwent TTCA during a 3-year period, April 2011 through March 2014. The indications for surgery included ankle and subtalar arthrosis, previous failed TTCA with other implants, and severe hindfoot deformities that were refractory to other treatment such as Charcot arthropathy and severe equinovarus deformity. We used no restrictions regarding the inclusion of patients according to the cause of their underlying ankle and hindfoot disease. All TTCA procedures included the use of a Synthes Expert Hindfoot Arthrodesis Nail (HAN; Synthes AG, Bettlach, Switzerland) implant (the IM nail). The participants were recruited by 2 senior foot and ankle fellowship-trained orthopedic surgeons from a single institution (G.T., K.K.), and all procedures were performed by the same 2 surgeons. Data abstraction, radiographic measurements, outcome assessments, and statistical analyses were performed by 3 of us (L.B.H., C.F., R.K.). The same operative technique was applied for all patients, and the patient demographic data and surgical technical details were collected. All the procedures involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards.
Operative Technique
The procedure was performed using the titanium cannulated HAN. The implant is available in 10-, 12-, and 13-mm diameters and lengths of 150, 180, and 240 mm. The angle of curvature in the coronal plane is 12 to ensure hindfoot valgus alignment. The patient was positioned either supine or prone, with a tourniquet applied to the ipsilateral thigh. All but 2 of the cases (10%) were conducted with the patient in the prone position. The rationale for this was the ease of insertion of the posterior calcaneal locking screws in the posteroanterior direction with the patient prone. In the 2 cases performed with the patient positioned supine, the reason was cardiorespiratory disease that precluded safe general anesthesia with the patient prone.
A curved direct lateral approach centered over the distal fibula and extended distally to the subtalar joint was used (Fig. 1) . Distal fibulectomy was performed in 15 patients (75%), and the cancellous bone from the excised fragment was used as an autogenous bone graft. The choice of performing fibulectomy was influenced by the presence of severe preoperative coronal plane deformity. The use of fibulectomy also aided access to both the ankle and the subtalar joints and was a useful source of the autogenous bone graft. Severe coronal plane deformity, in our series, was defined as !20 .
The ankle and subtalar joints were debrided thoroughly, and hindfoot alignment was fixed with 2 crossed Kirschner wires spanning the ankle and subtalar joints. The guidewire for the IM nail was then introduced under fluoroscopic guidance through a plantar foot stab incision (Fig. 2) . Care was taken to ensure the foot remained plantigrade and the guidewire remained central in the distal tibial metaphysis. After the final position of the guidewire was deemed satisfactory on the anteroposterior and lateral fluoroscopic views (Fig. 3) , the guidewire was overdrilled and the nail inserted (Fig. 4) . The locking options for this implant include a spiral blade and/or screws, which can be inserted posteriorly into the calcaneus. Similarly, a screw inserted posteriorly into the talus and a choice of either static or dynamic distal locking screws inserted through the tibia can be used. No specific compression device was used, although compression could have been achieved by applying pressure externally across the sole of the foot to compress the hindfoot joints before the static locking distal screws were inserted. In contrast, with dynamic distal locking screws, the stimulus for compression can be achieved with weightbearing.
Follow-Up Protocol
The minimum follow-up duration was 13 (mean 28.6, range 13 to 49) months. Functional scores were assessed using the Short-Form 36-item Health Survey (SF-36) (26) and American Orthopaedic Foot and Ankle Society Ankle-Hindfoot score (AOFAS AHS) (27, 28) . These scoring systems incorporate both subjective and objective factors into numeric scales to describe the function, alignment, and pain of patients, which can be compared pre-and postoperatively. The scores were collated both preoperatively and at 1 year postoperatively. A modified 4-point Likert scale (29) (poor, fair, good, and excellent) and visual analog scale (VAS) for pain (30) were used to evaluate patient satisfaction and pain, respectively. In addition, the length of hospital stay, time to return to work, and improvements in functional activity levels were documented. Patients' pre-and postoperative functional activity level was graded using a 4-point Likert scale (i.e., wheelchair-bound, home ambulatory with or without aid, community ambulatory with aid, community ambulatory without aid). Preoperative functional scoring was performed during the preoperative outpatient Fig. 1 . A curved direct lateral approach centered over the distal fibula and extended distally to the subtalar joint was used. Distal fibulectomy was performed in most cases, and the cancellous bone was used as an autogenous bone graft. consultations, and postoperative scoring was performed either by telephone consultation or during the postoperative outpatient consultation visits.
Data on postoperative morbidity was recorded from the clinical case notes from both the inpatient stay and the scheduled postoperative consultation visits. We specifically recorded the incidence of postoperative anemia necessitating blood transfusion, documentation of superficial and deep wound infections, radiographic evidence of implant failure, radiographic union rates, implant removal, amputation, and the need for revision surgery. The abstraction of data and interpretation of radiographs were performed by 3 of us (L.B.H., C.F., R.K.).
Solid fusion was verified by obliteration of the joint space and trabecular continuity from the joints fused (tibiotalar, subtalar, or tibiocalcaneal after talectomy) on the lateral and anteroposterior weightbearing radiographs of the ankle. The fusion mass at each joint was then graded using a 4-point scale (grade 1, 0% to 25% of the joint surface; grade 2, 26% to 50% of the joint surface; grade 3, 51% to 75% of the joint surface; and grade 4, 76% to 100% of the joint surface) by 2 independent reviewers in 2 separate settings (L.B.H., C.F.). Radiographic union was defined as a fusion mass of grade !2 according to the most recent radiographs, as described by Glazebrook et al (31) . Interobserver and intraobserver reliability were determined for this measurement.
Statistical Analysis
Statistical analysis of the data collected was performed using SPSS Statistics, version 22 (IBM Corp., Armonk, NY). The Wilcoxon signed rank test was performed on the data sets to identify any significant changes between the preoperative and postoperative scores for the SF-36, AOFAS AHS, and VAS. A subgroup of patients with diabetes mellitus was compared with the general cohort using the Mann-Whitney U test. The kappa coefficient was used to determine inter-and intraobserver reliability. All results are expressed as the mean AE standard deviation or range about the average. All reported p values are 2-sided, and p .05 was considered statistically significant.
Results
Demographics
One patient was lost to follow-up; therefore, 20 feet in 20 patients were available for postoperative evaluation. Of the 20 feet, 9 were right feet (45%) and 11 were left feet (55%). The mean age of the 20 patients was 61.1 (range 39 to 78) years. The 20 patients included 8 males (40%) and 12 females (60%; Table 1 ). Three patients (15%) were chronic smokers (defined as !15 pack-years) at surgery. The mean length of hospital stay was 6.7 (range 1 to 27) days (Table 1) .
Ankle and subtalar joint arthritis was present in 10 patients (50%) and was the most common indication for implantation of the IM nail, followed by Charcot arthropathy in 7 (35%) and equinovarus deformity in 3 (15%). Only 1 patient (5%) underwent arthrodesis to revise a nonunion after failed pantalar fusion for equinovarus deformity. Two patients (10%) had adjacent joints fused before the IM nail implantation procedure (Table 1) .
Operative Technique
The IM nail procedure was performed for fusion of the tibiotalocalcaneal joint in 16 patients (80%) and the tibiocalcaneal joint in 4 patients (20%) after talectomy. Fibulectomy was performed in 15 patients (75%), and a concurrent tendo-Achillis release procedure was performed in 4 patients (20%; 2 Charcot arthropathy and 2 equinovarus deformity). The mean duration of operative time was 231.9 (range 135 to 450) minutes, and blood loss was 222.5 (range 50 to 500) mL.
The most common implant size used was 12 mm in diameter (n ¼ 10; 50%), followed by 10 mm (n ¼ 7; 35%) and 13 mm (n ¼ 3; 15%). The most common implant length used was 150 mm (n ¼ 16; 80%), followed by 180 mm (n ¼ 4; 20%). The HAN implant was statically locked in 15 patients (75%) and dynamically locked in 5 patients (25%) with a distal tibial locking screw. The calcaneal spiral blade could be accommodated in only 2 patients (10%). The remaining 18 patients (90%) had the conventional fixed angle locking screws inserted into the calcaneum. A summary of the surgical technical details for the present series is provided in Table 1 . 
Functional Outcomes
At the final follow-up examination, 28.6 (range 13 to 49) months, statistically significant improvements (p .05) were found in 5 of 8 components (62.5%) of the SF-36 (physical functioning, role limitation due to physical health, role limitation to emotional problems, social functioning, and pain; Table 2 ). The AOFAS AHS score also improved significantly from a preoperative score of 54.20 AE 15.71 to a postoperative score of 76.0 AE 11.63 (p < .001). Also, the VAS pain score improved from 7.41 AE 2.12 preoperatively to 1.77 AE 2.77 postoperatively (p < .001; Table 2 ).
Within the cohort, 7 patients (35%) who were community ambulatory without aid preoperatively maintained their mobility status postoperatively. Of the 13 patents (65%) who were not community ambulatory without aid preoperatively, 10 (76.9%) experienced !1 tier of improvement in their functional activity status postoperatively. Of the 11 patients (55%) in full time employment at surgery, 9 (81.8%) were able to resume their preoperative employment after a mean average of 7.89 (range 3 to 24) months. Overall, 19 patients (95%) reported favorable outcomes (good to excellent) on the Likert scale and would recommend this surgery to others with similar symptoms. A summary of the results and functional outcome results are presented in Tables 2 and 3 .
Postoperative Complications
Overall, 8 patients (40%) reported complications. The most common complication documented was infection (n ¼ 7; 35%). Of these, 4 (20%) were superficial wound infections that resolved with a short course of antibiotic therapy. Three cases (15%) were deep wound infections necessitating multiple wound debridement and concomitant antimicrobial therapy. Of these 3 cases, 2 (10%) resolved uneventfully and 1 (5%) culminated in implant removal and belowthe-knee amputation. One case (5%) of postoperative hematoma developed at the lateral malleolus and necessitated surgical evacuation and washout. Finally, the mean decrease in hemoglobin was 2.37 (range 0.1 to 5.1) g/dL, and 7 patients (35%) required postoperative blood transfusion, with a mean blood transfusion requirement of 1.43 (range 1 to 3) pints. A summary of the complications is listed in Table 4 . Table 5 .
Radiographic Union
Radiographic union was achieved in all 16 tibiotalocalcaneal fusions and all 4 tibiocalcaneal fusions (100%). Interobserver reliability testing of the radiographic fusion assessment demonstrated a kappa coefficient of 0.74 (p < .001) for the tibiotalar joint, 0.57 (p ¼ .006) for the subtalar joint, and 1.00 (p ¼ .046) for the tibiocalcaneal joint. Intraobserver reliability testing of rater A demonstrated a kappa coefficient of 0.48 (p ¼ .012), 0.37 (p ¼ .086), and 0.60 (p ¼ .07) for the tibiotalar, subtalar, and tibiocalcaneal joints, respectively. Intraobserver reliability testing of rater B demonstrated a kappa coefficient of 0.59 (p < .001), 0.48 (p ¼ .008), and 1.00 (p ¼ .046) for tibiotalar, subtalar, and tibiocalcaneal joint, respectively. A summary of the grades of radiographic union at the different joints is listed in
Subgroup of Patients With Diabetes Mellitus
A statistical comparison of the exposures and outcomes for patients with and without diabetes mellitus is given in Table 1 . In the present series of 20 patients, 7 (35%) had diabetes; 2 males (10%) and 5 females (25%). Their mean age was 60.0 (range 46 to 78) years. Of these 7 patients, 2 (10%) had poor glycemic control with preoperative hemoglobin A1c (HbA1c) values of 9.0% and 11.8%. The most common indication for surgery in the subgroup of patients with diabetes mellitus was Charcot arthropathy (85.7%). The arthrodesis procedure was used to treat equinovarus deformity in 1 of these patients (14.3%). The length of stay for the diabetic subgroup was 9.4 (range 3 to 27) days.
The patient demographics, functional outcomes, incidence of fusion and wound complications stratified by diabetes status are listed in Table 1 , with the statistical comparisons for each exposure and outcome. * Wilcoxon signed rank test used to compute any statistically significant difference between pre-and postoperative scores.
Discussion
The present study reports a single-center prospective series of TTCA using the curved nail design Synthes Expert HAN implant. Our patients reported significant improvements in functional outcomes, and most (95%) were satisfied with the outcome of their surgery. The fusion rate was 100%, and the overall rate of infection was 35%, with 1 case (5%) necessitating subsequent below-the-knee amputation. It is evident that the patients in the present series were adequately treated with the TTCA using the HAN implant and overall achieved favorable outcomes.
Hindfoot arthrodesis or TTCA remains the last resort for patients faced with intractable ankle and hindfoot pathologic entities. It is often the only salvage option before a below-the-knee amputation (1, 3, 4) . Many studies have been reported on TTCA, with promising results (2,5,13,23,24,32). However, a comparison between such studies is problematic owing to the heterogeneous patient cohorts. Nonetheless, the functional scores used in the present study, the SF-36 and AOFAS AHS, are widely used and allows for some degree of comparison. Our results are in tandem with the findings from other studies (2, 5, 13, 14, 19, 23, 33, 34) . A multicenter study of 38 patients from 7 participating centers across North America and Europe reported favorable functional improvements using the SF-36 and AOFAS Foot and Ankle Outcome scores in patients who underwent TTCA with the Synthes Expert HAN implant (2). Goebel et al (34) also reported significant improvements in the quality of life after TTCA, albeit using a straight nail construct. In the published data, although no study compared TTCA with straight nail versus curved nail designs, both designs appear to confer favorable functional outcomes.
From a socioeconomic viewpoint, most of our patients (81.8%) were able to return to their employment. Furthermore, 76.9% of them also reported improvements in their mobility status. Overall, 95% of our patients also reported satisfactory outcomes and would recommend this surgery. Considering the severe nature of their ankle and hindfoot pathologic entities, these outcomes are significant and in alignment with those in the published data (2) .
The radiographic union rate in our study was 100%. This compares favorably with the reported union rates of 65% to 100% (2, 5, 14, 24, 35) . Considerable controversy remains in the current data surrounding what constitutes successful joint fusion. A recent pioneering study by Glazebrook et al (31) established the relationship between patientreported clinical outcomes and the extent of osseous bridging on computed tomographic (CT) scans in ankle and hindfoot fusions. Osseous bridging across a joint was graded using a 4-point scale: grade 1, 0% to 25%; 2, 26% to 50%; 3, 51% to 75%; and 4, 76% to 100%. The study results suggest that osseous bridging of grade !2 correlated with significant improvement in the functional outcomes and thus should be used as the minimum threshold to determine clinically successful fusion. We elected to use the findings of the study by Glazebrook et al (31) as a basis for evaluating radiographic fusion in our study, albeit using standard radiographs, rather than CT scans, given the higher costs associated with CT scans. Therefore, we elected to consider a fusion mass of grade !2 across a specific joint segment to signify clinically successful fusion. To minimize observer bias and reporter error, 2 independent reviewers were tasked to review the radiographic films on 2 separate occasions. The interobserver reliability correlation coefficient was satisfactorily high. The overall complication rate of using a nail in TTCA has ranged from 4% to 59% in the published data with the most common complications being infection and nonunion (2, 5, 13, 23, 24) . In the present study, the overall complication rate was 40%, with infection accounting for the vast majority (35%). This finding, which is consistent with the current published data, could be partly attributable to the demographic data of the patients requiring this procedure, who often have multiple medical comorbidities.
Of the 20 patients, 3 developed deep wound infections. Of these 3 patients, 2 had poor glycemic control pre-and postoperatively with an HbA1c of 9% and 11.8% preoperatively. Their postoperative glycemic control was equally poor. The third patient, also with diabetes, had a significant varus deformity (20 ) and poorly sensate foot. Poor postoperative wound care and a lack of compliance with weightbearing resulted in wound breakdown at 4 weeks postoperatively. Of the 4 patients with superficial wound infections, all cases resolved uneventfully with a 1-week course of antibiotic therapy. In 3 of the 4 patients, the wound of concern was the posterior heel wound, the entry point for the proximal locking screws or calcaneal spiral blade. We postulated this might have been partly aggravated by the weight of the heel in a plaster cast compressing onto the posterior aspect of the heel.
In a study by DeVries et al (18) on the risk of major amputation after TTCA with a retrograde IM nail on 179 limbs, they reported an overall salvage rate of 88.2%. In our study, only 1 patient (5%) required a below-the-knee amputation. This compares favorably with the reported results and might be attributable in part to the stable construct provided by the curved-design HAN implant.
In our study, only 2 patients (10%) were able to accommodate the calcaneal spiral blade implant in addition to the conventional locking screws. Our study sample consisted of Asian patients who morphologically have smaller bone dimensions than white patients. The only other study evaluating this implant was by Rammelt et al (2) and consisted largely of a white population. In their study, the spiral blade was used in 66% of all patients, significantly greater than that in our study. Because the implant type and size variation used in both studies were similar, the much lower prevalence of spiral blade utility in our series might be attributable to the smaller dimension Asian calcaneus. Admittedly, we do not have data evaluating the calcaneus size in both studies. It has been shown with laboratory-based biomechanical testing that using the spiral blade is more advantageous than conventional fixed-angle locking screws, more so in osteoporotic bone (36) . Thus, we speculated that the usage of the fixed-angle spiral blade might prove advantageous regarding the fusion rates and functional outcomes. However, in our study, the fusion rates and functional outcomes were comparable to those from previous studies in which the utility of the calcaneal spiral blade as a part of the fusion construct was much greater than that in our study. We therefore postulated that the utility of the calcaneal spiral blade might not necessarily enhance the stability of the fusion construct nor enhance the clinical outcomes to a clinically relevant extent. Further studies are required to analyze this association better.
In the present study, 7 patients (35%) had known diabetes mellitus. It has been shown that diabetes increases the likelihood of postoperative complications after foot and ankle surgery (33, 37) . This is compounded by the presence of other associated comorbidities such as peripheral vascular disease, which impairs healing. Moreover, diabetes is the most notable risk factor for amputation after TTCA (18) .
Regardless, in our study, no statistically significant difference was found between the functional outcomes and complication rates in the subgroup of patients with diabetes and those in the main cohort of patients. The difference in the length of hospital stay also was not statistically significant between the 2 groups. This might have been because only 2 patients had poorly controlled diabetes, shown by their HbA1c value of 9.0% and 11.8%, respectively. A recent study by Myers et al (38) comparing 70 patients with diabetes and 74 healthy patients who underwent TTCA showed a greater overall complication rate in the former group. The infection rate was also significantly greater in the patients with poor long-term glucose control. In another study, Wukich et al (19) compared TTCA using the retrograde IM nail in 61 patients with diabetes and 56 healthy patients and demonstrated a significantly greater rate of superficial wound infection in the diabetes group. In our experience, it is imperative to ensure strict glycemic control as part of the preoperative optimization, with continuous vigilance for complications in this high-risk group of patients. In our practice, perioperative patients are regularly optimized by a team of multidisciplinary professionals, including vascular surgeons, endocrinologists, and podiatrists, before being declared fit for surgery. Patients with poor glycemic control are monitored closely using an insulin sliding scale postoperatively until their first wound inspection at day 5. The results from our study suggest favorable outcomes can be achieved even in diabetic patients who have been perioperatively optimized before TTCA. The 2 patients (10%) with excessively high HbA1c levels were exceptions to the rest of the study population. The indication to pursue surgery for both cases was an evolving "foot at risk" that had been provisionally stabilized in a walker boot while the patient had undergone multidisciplinary optimization. In both cases, the endocrinologist had declared no further improvement in diabetic control could be achieved with pure drug modulation and advised that surgery could aid mobilization, infection control, and weight control postoperatively, all of which could improve the HbA1c level postoperatively.
We acknowledge several limitations to the present investigation. First, the present study included a relatively small number of patients, which represented a single institution's consecutive case experience. However, the patient population in our study was comparable to other recently reported studies that focused on curved IM nail designs. Future studies with more patients could allow for more detailed analysis of the aforementioned outcome measurements. Also, our study lacked a control group, which could possibly include patients stabilized with a different, but comparable, implant or stabilization construct. For example, future studies could draw comparisons between curved and straight nail constructs in these salvage situations. Statistically, we discarded a limited amount of information by omitting the 1 patient who was enrolled but failed to return for follow-up visits. Also, we used telephone conversations to procure some of the follow-up information. Finally, our patient cohort who underwent TTCA was inherently heterogeneous in their indications. Although this is inherently a source of confounding (e.g., the influence of smoking or some other variable for which a reasonable surgeon would have concern), we believe it is more representative of the typical patient population warranting TTCA.
The strengths of the present study included that it was a prospective series of consecutive patients who underwent TTCA with a retrograde IM curved nail construct. The perioperative surgical protocol, surgical approach, and implant used were consistent for the entire series. The minimum follow-up period of 13 months, together with the outcomes evaluation using validated functional outcome measurements and radiographic parameters, can also be considered strengths of our investigation.
In conclusion, TTCA performed with a specialized IM nail appears to offer a reliable alternative to patients with severe ankle and hindfoot pathologic entities. In the present series, significant improvements in functional outcomes, a high incidence of satisfaction (95%), a high proportion of patients returning to their previous employment (81.8%), improvement in mobility status (76.9%), and a satisfactory incidence of radiographic union (100%) were demonstrated. With stringent perioperative optimization protocols (e.g., ensuring strict glycemic control, continuous vigilance for complications, and a multidisciplinary approach to the care of diabetic patients), comparable outcomes can be achieved even in diabetic patients with good glycemic control. In particular, and in contrast to a laboratory evaluation (36) , the use of a calcaneal spiral blade as a part of the angled IM nail fusion construct might not be essential to improve the clinical outcomes.
